Background: Injury is a significant cause of childhood death and can result in substantial long-term disability. Injuries are more common in children from socio-economically deprived families, contributing to health inequalities between the most and least affluent. However, little is known about how the relationship between injuries and deprivation has changed over time in the UK.
Introduction
Childhood injury is a major cause of preventable ill-health, disability and death, [1] . In England and Wales it is the second most common cause of childhood death (age 1-4) after cancer, [2] and results in substantial long term disability, [1] . Injuries disproportionately affect more socio-economically deprived families, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Globally this health inequality is striking, with more than 95% of all injury-related child deaths around the world occurring in low and middle-income countries, [1] . However, health inequalities in injury persist within high income countries also. For example, a study in England and Wales showed that the average annual death rate from injury in 2001 for children under age 15 was more than 13 times higher for children whose parents were classed as never having worked compared to children whose parents were in managerial or professional occupations, [3] .
Since the UK government has made clear its intention to reduce health inequalities (as indicated in the Health and Social Care Act 2012, [15] ) and the inclusion of injury-related admissions in young people has been included as a key performance indicator in the Public Health Outcomes Framework for England, [16] , monitoring changes in injury rates over time and across socio-economic groups has never been more important. However, whilst the European Union recommend that 'accidents and injuries' are included in the European Statistical System of Eurostat, [17] , in the UK there are no national surveillance systems monitoring all medically-attended injuries and we do not currently have any audit data that allow exploration by socio-economic group at a population level. Available data on hospital admissions for injury are routinely available for England and Wales, but by definition comprise only the most severe injuries and do not contain information on socio-economic status. Many more injuries are likely to be attended to in primary care, walk-in centres or emergency departments (EDs) that are not currently reported on at a population level in the UK. From 1978 to 2002 data on injury occurrence was captured from a sample of EDs by the Home and Leisure Accident Surveillance System (HASS & LASS) but these data are now more than 10 years out of date, are no longer collected and are not available via the interactive online portal.
Given the importance of injury in children in terms of the short and long term morbidity and mortality, we have used data from a nationally representative primary care database to estimate injury rates, the disease burden in terms of numbers of children injured and estimates of the number of excess injuries that are attributable to socio-economic deprivation.
Methods

Study design and data source
We conducted a cohort study using prospectively-collected health data from 495 General Practices from across the UK (i.e. England, Scotland, Wales and Northern Ireland) that contribute to The Health Improvement Network (THIN) research database. THIN includes all health information reported to primary care, including symptoms, diagnoses and treatments which are encoded into the medical record using Read codes where diagnoses are based on the International Classification of Diseases version 10 (ICD10). In the UK the general practitioner (primary care physician or family doctor) holds electronic health records for their patients and these records contain information about primary care consultations and importantly, other types of healthcare utilisation such as hospital admission into secondary and tertiary care, thus providing a comprehensive source of health information. Practices that contribute to THIN are broadly representative of all general practices in the UK in terms of age and sex of patients, practice size, geographical distribution and data quality, [18] , are thought to be complete enough for research, [19] and acceptable outcomes from regular data quality checks and audits are a condition of participation in the network. In addition, primary care data have been shown to be a reliable source of medical information for a range of health issues, [20] .
We used individual medical records from an open cohort of 979,383 children born between the 1 st of January 1990 and the 31 st of December 2009 who were registered with a THIN general practice before the age of 5 years. Children entered the cohort i.e. medical records were included from the latest date of when the practice started contributing data to THIN, when the practice had acceptable mortality data, the registration of the child with the practice or birth if the child was registered with the practice within 30 days of birth. Follow up ended at the earliest date of the most recent data collection from practices, when the child transferred out of the practice, died, or the day before their 5 th birthday. In the UK, records are automatically created when a new born baby is registered with a GP for the first time and records for existing patients are automatically transferred between practices if patients register with a new GP and are not reliant therefore on patients requesting that records are transferred. However we undertook a sensitivity analysis, restricting the analysis to participants with a minimum of 6 months person time in order to ensure that the incidence patterns we found were not biased by injured participants being more or less likely to register or transfer in or out of a practice and therefore contribute more or less person time to the study.
Outcome; injury types
We studied the three most common types of medically attended injury incurred by children under the age of 5 internationally, [1] : fractures (any site or severity), burns (any site or severity and including scalds and flame burns) and poisonings (including those from medicinal and non-medicinal products/sources). Incident injuries in children's records were defined by the presence of a diagnosis or treatment Read code in the medical record using comprehensive code lists for each injury type (available on request from authors). If a child had more than one injury code of the same type (e.g. Read codes for fracture at age 2 and again at age 4 years) both incident injuries were included. As some children had multiple Read code entries for the same injury type in close succession, we only considered new injury events as those with an interval of over 30 days between code entries to signify a new poisoning or burn event and over 100 days for a new fracture event. This was based on the analysis of Read code entry whereby intervals between children's first and subsequent codes were plotted using a histogram and the point at which the curve levelled out was selected as the end of the event window. However, we also conducted a sensitivity analysis varying this window to over 90 days for poisonings, 90 days for burns and 300 days for fractures to determine the impact of potential overestimation of our initial event numbers.
Exposure; socio-economic deprivation
Socio-economic deprivation was measured using the Townsend Index of material deprivation, in quintiles. This is an area-based composite score comprising measures of employment, car ownership, home ownership and overcrowding (i.e. number of adults per room) in an area of 400-600 households, [21] . Before general practices release their data to THIN, each patient is assigned a quintile of the Townsend index based on their home postcode and information from the 2001 UK census. This maintains patient anonymity and ensures that the patient's quintile is representative of their relative socio-economic position at national level. The most recent home address at the time of data extraction is used to assign the index.
Covariates
We assessed variation in injury by sex, age, calendar period, and socio-economic deprivation. Child age was divided into year intervals from birth, because of the known changes in risk of injury at different ages, [4, 22] and calendar time was divided into 5-year periods.
Statistical methods
We calculated incidence rates (per 10,000 person years (PY)) and incidence rate ratios (IRR) using Poisson regression with a robust variance estimator for fractures, burns and poisonings. We mutually adjusted for sex, age, socio-economic deprivation and calendar period to provide adjusted incidence rate ratios (aIRR).
To assess whether deprivation and injury incidence rates varied over time we added terms for an interaction between deprivation quintile and calendar period to the models and tested statistical significance using a likelihood ratio test (LRT) with a p value smaller than 0.05 taken as statistically significant. In addition, we calculated adjusted injury IRRs between the most versus least socio-economically deprived groups at the start (1990-1994) and end (2005) (2006) (2007) (2008) (2009) ) of the study period and conducted a test for trend (also using the LRT) for yearly incidence rate changes within Townsend quintiles.
To estimate the total burden of injuries in the UK in numbers we applied each year's incidence rates (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) to the midyear UK population estimates (1990-2009), [23] , giving an annual number of injuries for each injury type and then summed these to produce a total estimate of injuries over the entire study and also for each 5-year study period. To assess how the burden had changed over time we subtracted the total number of injuries in the 1990-1994 period from the total number of injuries in the 2005-2009 period for each injury type. In addition, we estimated the excess incidence of injuries in the study population that could be attributed to deprivation using the population attributable risk calculation described by Steenland and Armstrong which takes account of different levels of deprivation exposure (i.e. the proportion of children in each quintile) [24] . In this calculation, the (IRR-1/IRR) is calculated for each of the top four quintiles of deprivation compared with the least deprived (bottom) quintile and this is then multiplied by the proportion of children in the study in that quintile of deprivation. These are then summed to give the final attributable risk fraction.
Ethical approval
We used The Health Improvement Network (THIN) primary care database for this research. THIN data collection is undertaken by Cegedim Strategic Data and this has been approved by the UK South-East Multicentre Research Ethics Committee (SE-MREC). There is a standard process for managing ethical approval of individual studies that use these data which is managed by Cegedim's THIN Scientific Review Committee (SRC). A research protocol was submitted to the SRC and the protocol was approved in October 2009 (SRC Reference Number: 09-011). Patient informed consent is not required under this agreement nor is further additional ethics approvals from either the National Health Service ethics committees or from The University of Nottingham.
Results
Overall incidence rates
The study cohort comprised 979,383 children with a median study follow up time of 2.68 years (when they were under age 5). Fractures were the most common injury type; 20,804 fractures were incurred by 20,038 children (2% of the cohort), 15,880 burns were incurred by 15,286 children (1.5% of the cohort) and 10,155 poisonings were incurred by 9,772 children (1% of the cohort), all before the age of 5 (Table 1) .
During the entire study period (1990-2009) the incidence of fractures was 75.8/10,000 PY (95% confidence interval 74.8-76.9), burn incidence was 57.9/10,000 PY (57.0-58.9) and poisoning incidence was 37.3/10,000 PY (36.5-38.0) ( Table 2) .
Incidence by age and sex
For each injury type boys experienced a higher rate of injury than girls (aIRR 1.09 (95% confidence interval 1.06-1.12) for fractures, 1.28 (1.24-1.33) for burns and 1.10 (1.06-1.14) for poisonings (Table 3) ). Burns were most common at age 1 and poisonings at age 2, whereas fractures continued to increase with age (Tables 2 and 3 ).
Incidence by socio-economic deprivation
Rates for all injury types increased with increasing socioeconomic deprivation (Table 2 and Figure 1 , aIRR test for trend p,0.001 for each type). This gradient was steepest for burn injury with an absolute rate difference between children in the most versus the least deprived quintile of deprivation of 41.7/10,000 PY (aIRR comparing the most versus the least deprived quintile 1.94, 1.85-2.04). For poisoning there was a difference of 20.2/10,000 PY (aIRR 1.72, 1.61-1.84) and for fracture injury the absolute rate difference was only 7.0/10,000 PY (aIRR 1.11, 1.06-1.16). These gradients remained even when we restricted the analyses to participants with a minimum of 6 months person time.
However, the magnitude of this health inequality gap was not consistent over time within the study, particularly for burns and poisonings (test for interaction between calendar year and deprivation p = 0.29 for fracture, p = 0.01 for burn and p = 0.03 for poisoning) (Figure 1 
Incidence by calendar period
There was a statistically significant increase in fracture incidence rates over time (test for trend p,0.001) with an absolute rate increase of 12.0/10,000 PY from the earliest period (1990) (1991) (1992) (1993) (1994) to the latest period (2005-2009). Conversely, burn and poisoning incidence rates significantly decreased over time (test for trend p,0.001 for both burn and poisonings) with an absolute rate reduction of 39.2/10,000 for burn injuries and 25.4/10,000 for poisoning injuries.
Sensitivity analysis
When we used a more conservative approach to defining a new injury event by increasing the gap between Read code entries for the same injury type to over 90 days for poisonings, 90 days for burns and 300 days for fractures, the number of events reduced to 20,386 fractures, 15,658 burns and 10,103 poisonings. Therefore, this still captured the vast majority of events in our original analysis (97.9%, 98.6% and 99.9% of fractures, burns and poisonings respectively) indicating that most were likely to be true independent events. When we repeated all analyses of injury variation by age, sex, socio-economic status and calendar period our findings were almost identical to the original analyses.
Annual UK estimates of medically attended fractures, burns and poisonings
Using UK national population estimates, [23] , we calculated that there were 519,109 fractures, 471,519 burns and 284,606 poisoning events in under-5s across the UK during the study period. However, as described above, the incidence rates for fractures increased and for burns and poisonings decreased over the study period. Therefore we estimated that in the period 2005-2009 there were an additional 34,749 fractures, 79,251 fewer burns and 31,754 fewer poisonings when compared to the earliest study period (1990) (1991) (1992) (1993) (1994) ).
The population attributable risk
By calculating the attributable risk fraction, which assumes a causal relationship between deprivation and injury, we estimate that 3% of fractures, 30% of burns and 28% of poisonings could be attributed to deprivation. This means that per year 876 fractures, 5,485 burns and 3,034 poisonings could potentially be avoided if all children experienced the injury rates of those in the most affluent quintile of the population.
Discussion
The incidence of burns and poisonings in young children has decreased substantially over the past 20 years, whereas the incidence of factures has increased to a smaller, but still important extent. However, despite these encouraging changes, important health inequalities have persisted over time, whereby children in deprived areas continue to experience significantly more injuries than children in more affluent areas. By calculating the population attributable risk we estimate that annually, there are an additional 9,395 medically-attended injuries in children under 5 that potentially, could be avoided if all children experienced the injury rates of those in the most affluent areas of the UK. It may be possible therefore to reduce injury rates even further by targeting interventions at those children in the most socio-economically deprived areas.
Strengths and weaknesses of the study
As far as we are aware, this is the first study to estimate population-based incidence rates for the most common medicallyattended childhood injuries that is not from self-reports of injury or a single source of presentation such as the emergency department or hospital admissions. Our cohort of nearly 1 million children is also the largest UK study to quantify injury-related health inequalities and how these have changed over time. Data show that THIN practice populations are broadly representative of the UK population in terms of demographics, disease prevalence and death rates, [18] and since in the UK approximately 98% of the population is registered with a GP [25] we believe that our study is generalizable to the wider UK population.
One potential explanation for our results is that participants from different socioeconomic backgrounds have different health seeking behaviour, resulting in injury ascertainment biases. For example, it is possible that people from lower socio-economic groups are more likely to register with a GP when an injury occurs, potentially inflating the incidence of injury in these groups. Whilst we cannot rule this out, only 0.4% of poisonings, 0.7% of burns and 0.8% of fractures were recorded within a week of registration with the GP practice. We did find that people from lower socioeconomic groups contributed less person time to the study but when we restricted the analyses to people with at least 6 months of person time we found the same socio-economic gradients. This suggests that our results are not wholly explained by different patterns of health seeking behaviour from people in different socioeconomic groups.
As with most studies using routinely-collected and medicallycoded data, it is possible that some injuries have not been included because they were not Read-coded in the medical record. This may have led to underestimates of the crude incidence rates. However, there is little evidence to suggest that GP recording of injury using Read codes (rather than free text for example) is differentially influenced by a patient's socio-economic status and GPs do not have access to patients' Townsend scores which are added for research purposes when the data are downloaded from the practice.
We have estimated all incident injuries in children under the age of 5, however it is possible that we have misclassified new incident injuries as existing injuries and vice versa, under or overestimating the incidence rates. However the incidence rates we have presented are similar to those expected from other studies (see below) and our findings relating to health inequality gradients were robust when we undertook sensitivity analyses, changing the definition of new incident events. It is unlikely therefore that the health inequality patterns that we identified have been substantially affected by the way injury events have been defined.
A strength of this study was the use of an area-based measure of deprivation. Whilst this does not necessarily indicate an individual family's economic wealth it does provide a more comprehensive measure of the environment that the family is exposed to which has been shown to be important [26] . We did not have access to individual-level socio-economic data however, it is likely that decisions to commission injury prevention efforts would be made at an area level (e.g. Clinical Commissioning Group area, local authority wards or districts) and our study would support decisions to fund prevention in the most deprived localities.
Comparison with other studies
Injury incidence rates. Our data are consistent with previous studies. The incidence of fracture (75.8/10,000 person years across the 20 year study period) that we derived is comparable to data from European studies between [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] showing rates of fracture for children under five of between 50-100/10,000 person years, [27] [28] [29] . Likewise, our estimate of poisoning incidence (37.3/10,000 person years) is consistent with recent studies of ED attendances from high income countries such as Franklin et al who reported a poisoning incidence rate for 0-5 year olds in the USA in 2004 of 42.9/10,000, [30] and Xiang et al Table 1 . Frequency of injury types in the study population (N = 979,383) . Injury and Health Inequalities PLOS ONE | www.plosone.org Table 2 . Incidence rates of injury types by socio-demographic characteristics. who reported a drug-poisoning incidence rate for 0-5 year olds of 25.5/10,000 in the USA, [31] . Few studies have described the incidence of burn injury in children at the population level in high income countries. Of the studies that have been published, most describe either fatalities or the incidence of severe burns that require inpatient admission whereas our study includes both primary and secondary care attended injuries. Our burn incidence rate of 57.9/10,000 person years is therefore much higher than such reports. For example, Vloemans et al reported an incidence of 16.3/10,000 admissions of 0-4 year olds to specialist burn centres in 2000-2007, [32] and Alaghehbandan et al reported a rate of 2.6/10,000 admissions for children aged 2-4 in Canada in 2012, [33] . Health inequalities. We detected a socio-economic gradient for fractures that differs from previous studies that have reported little or no association between fracture and deprivation, [4, 5, 34] . It may be that this is due to our very large study size and increased power to detect small differences between socio-economic groups. Descriptions of poisonings and burns being associated with increased deprivation are more consistent in the literature and our incidence rate ratios are similar to those reported previously. For example we reported a 72% increase in incidence of poisoning in the most compared to the least deprived areas, similar to the incidence rate ratio found by Xiang et al of 1.63 (drug-related poisonings for all ages), [31] . We found that across the study period, children in the most deprived areas were nearly twice as likely to have a burn injury compared to the most affluent areas. Other studies have shown a similar gradient. For example Hippisley-Cox et al showed that children under 15 in the most deprived areas in the East Midlands region of the UK were over three times more likely to have a hospital admission due to a burn or scald, [14] and Mulvaney et al showed that in 2004 for all ages, people in the most deprived quartile of areas were over 70% more likely to have a fire-related injury, [6] .
Public health implications
We have shown that despite large decreases in the incidence of burns and poisonings in young children since 1990, substantial inequalities persist between social groups in the UK. In addition, the incidence of fractures is increasing and smaller, yet important inequalities in fracture incidence exist. We estimate that up to 30% of burns and poisonings and 3% of fractures could be avoided if injury prevention interventions successfully reduced injury rates in the poorest areas to levels seen in the most affluent areas. This could result in an estimated 9,395 fewer medically-attended injuries per year across the UK.
A range of injury prevention interventions have been identified to reduce the types of health inequality that we have shown. The National Institute for Health and Care Excellence (NICE) recommends that safety assessments are undertaken in the most vulnerable households and that where appropriate, safety advice is given and equipment is provided and fitted by professionals to help prevent injury occurring in young children, [35] . In the US the 'Protect the ones you love' initiative has given rise to a multifaceted national action plan for child injury prevention that includes elements of education, enforcement and environmental changes (so called 3E's) that can be targeted at the highest risk neighbourhoods and families. The reduction of inequalities in health, including injuries, is a matter of social justice and international organisations such as the WHO and UNICEF have shown their commitment to reducing these inequalities through the Parma declaration 2010, [36] and the World report on child injury prevention 2012, [1] . In England, Clinical Commissioning Groups and Local Authorities have responsibilities to reduce health inequalities and need to follow NICE guidance to achieve continued reductions in injury incidence and greater equity across social groups. Further to this, policy makers should include the reduction of injury-related health inequalities as an outcome measure in itself, rather than focusing on injury rates alone. In doing this, local health commissioners/ decision makers are more likely to monitor and act upon health inequalities as recommended by NICE. An example of this is the Public Health Outcomes Framework in England which includes the reduction of injuries in young people as one of its indicators but this is measured by hospital admission rates, with no emphasis on the reduction of the health inequality gradient.
